Introduction
The use of nitrogen (N) fertilizer to obtain profitable corn grain yields is very common in Iowa. Proper N fertilization is a difficult challenge facing today' s crop producers. Rising costs of N fertilizer encourage producers to look for ways to increase yields and recover applied N while keeping costs at a minimum.
Nitrogen is subject to physical and biological processes in the soil which can influence the amount of N that is available for plant uptake (Gonzalez, 2005) . Urea (CO(NH)) is one of the most common dry N fertilizers used in the United States today When urea is applied to soils, it is hydrolyzed rapidly by urease to form ammonium (NH 4 ) and is then converted to nitrate (N0 3 -) by a process called nitrification. Leaching of applied N fertilizer results in reduced uptake efficiency by the target crop and is an agricultural problem that crop producers have to deal with (Wang and Alva , 1996) . The dominant form of N in well-aerated soils is N0 3 _-N , which is easily lost to leaching when water passes through the soil profile (Allen, 1985) .
ESN is a controlled-release N product ( 44% N) developed by Agrium, Inc. When ESN comes in contact with soil moisture , it absorbs water and liquefies the urea inside of a coating. ESN releases liquid urea through its polymer coating during the growing season. As temperature increases, the rate of release of the urea into the soil solution increases.
Slow and controlled-release fertilizers are predominately used in the turf grass and horticultural industries because of their higher cost when compared to conventional fertilizers (Hauck, 1985) . The use of controlled-release fertilizers offers advantages such as reduced passes over the field, decreased plant injury, and soil properties (pH, soil texture , microbial activity, etc) don't affect release rates of the fertilizer (Trenkel, 1997) . Currently the cost of the fertilizer is prohibiting its use in lower value crops such as corn. Handling of the product is also an issue. Care must be taken not to compromise the integrity of the coating which can make the fertilizer lose its controlled release characteristics. To date , little research has been published comparing ESN with urea for application to corn.
Research and Demonstration Farm (NW) at Sutherland (2003 Sutherland ( , 2005 Sutherland ( -2007 . The 2004 location at Sutherland received heavy hail damage so no data were collected. The soil types for the experiments at Kanawha and Sutherland are listed in Table 1, while cultural practices are listed  in Table 2 , and baseline soil data are listed in Table 3 .
Treatments were arranged as a factorial in a randomized complete block design with four replications. Each experimental plot measured 4.6 m by 12 .2 mat KNW and contained six rows of corn spaced 76 em apart. The experimental plots at NW measured 3.05 m by 12.2 m. These plots contained 4 rows of corn spaced 76 em apart. The ESN (44% N) and urea (46% N) were hand applied in the spring before the corn was planted and incorporated within twenty-four hours of application to reduce N loss due to volatilization. Nitrogen application rates for all sites in all years were: 0, 34 , 67, 101 , 134, 168, and 202 kg N ha-l. The corn plots followed soybeans in all years of the study at both locations.
The corn was scouted several times throughout the growing season to evaluate overall plant health and possible damage due to insects, disease , and weather related events.
Grain Yield and Analysis
The center rows of each plot were harvested (three rows at Kanawha and two rows at Sutherland) with a combine. The weight of the grain in each plot and moisture content were recorded when harvested by the combine. A sub-sample of the grain was collected, weighed, and dried at 60° C. The sub-sample was used to determine grain moisture content. Corn grain yield was adjusted to reflect a moisture content of 15 5 g kg-l.
Chemical analysis of the grain was conducted as follows: A 0.25g sub-sample of grain was ground , dried for a minimum of twenty-four hours , and was digested using the Hach Digesdahl® Digestion Apparatus, and the Hach Plant Tissue and Tissue Analysis System (Hach Company, 1988) , with concentrated sulfuric acid (18M H 2 S0 4 ) and 50% hydrogen peroxide (H 2 0 ) . The digested product was then used to determine percent N by using a modified Nessler Method test and a Hach DR/3000 Spectrophotometer (DR/3000 Procedure Code N.10) as described in the method for Nitrogen Analysis in Total Plant Tissue (Hach Company, 1988) . Nitrogen uptake was calculated by multiplying the grain yield by the percent of N in the grain.
Soil Sampling and Analysis
Soil samples were collected three times a year at each site and year in [2005] [2006] [2007] . The soil samples were taken at the V-6 growth stage , the V-15 growth stage, and after harvest. Three cores were randomly taken to a depth of 30 em between the center two rows of the plot and combined to form the sample. The post harvest sample included samples collected from a depth of 31-60 em.
The soil samples were dried at 60° C for a minimum of twenty-four hours and ground to pass through a 2 mm sieve. A 10 g sub-sample was weighed and extracted with 50 ml of 2M KCl solution. The extract was filtered and analyzed for N0 3 --N and NH 4 +-N using a QuikChem 8000 Automated Ion Analyzer by the QuikChem Method 12-107-04-1-B (Lachat Instruments, 1992) for the N0 3 --N and QuikChem Method 12-107-06-2-A (Lachat Instruments, 1993) for NH 4 +-N .
Data Analysis
Statistix 8 (Analytical Software, 2003) was used to analyze the data. The analyses for each combination of site and year were done separately. Nitrate-N and NH 4 +-N content for all soil sampling times were also analyzed separately. Differences at the p>F = 0.05 level or less were considered significant. Outliers in all of the data , except for com grain yield , were identified by using residual graphs and were determined to be non-representative if they were greater than three standard deviations from the experiment mean.
Results and discussion

Kanawha location
Grain production
Com grain yield increased with N rate each year of the study (p>F = <0.0001) ( Table 4 (Table 4) , but there was a trend for ESN to out-yield urea treatments (Figures 1, 2) . The interaction between material and N rate was not significant in any year of the study. In 2007, ESN treatments had a higher average grain yield than urea treatments. Over the five site-years, there was variability in the grain yields. We think that this could be due to different weather and soil conditions over the site-years.
Grain N uptake increased with N rate was applied (p>F = <0.0001) in 2003-2005 and 2007 (Table 4) . The difference between materials was greatest for ESN treatments in 2005 (p>F = 0.0066) but not significant every other year at KNW (Table 4 ). In 2004, the ESN treatments had a higher N uptake than the urea treatments. The interaction between material and N rate was not significant in any year of the study. There was also a large amount of variability in grain N uptake in the ESN and urea treatments over the five site-years. Soil conditions, weather, and the coating of the ESN could have influenced N uptake.
2005-2007 Soil analysis
Soil NH 4 +-N concentrations were not affected by N rate at the V-6 sample time in any year of the study at KNW The difference between the two materials was significantly higher for ESN only in 2005 (p>F = 0.0007) ( Table 5 ). The interaction between N rate and material was not significant any year of the study at the V-6 sampling time . In 2006 and 2007, the ESN treatments had higher concentrations of soil NH 4 +-N. We would not expect the ESN treatments to have higher NH 4 +-N concentrations at this time because of the release properties of the ESN. Since ESN should be released at a slower rate throughout the season, we would predict that there would be less N available at the V-6 growth stage when compared to the urea treatments. Tables 5, 7 ). The interaction between the two materials was only significant in 2005 (p>F = 0.0194) ( Table 6 ). The average concentrations of soil NH 4 +-N at this time were higher each year for the ESN treatments compared to the urea treatments. We would expect this to happen because a good portion of the N should still be releasing from the ESN and available for plant uptake.
Post harvest soil NH 4 +-N concentrations at the 0-30 em depth were not affected by any of the factors tested in [2005] [2006] [2007] . Soil NH~+-N concentrations at the post harvest sampling time at the 31-60 em depth were slightly increased with the addition of N in 2007 (p>F = 0.0636) ( Table 7) .
Soil N0 3 --N concentrations at the V-6 sampling time increased with the addition of N every year of the study (p>F = 0.0001, <0.0001, and <0.0001 respectively) (Tables 5, 6, 7) . The difference between the two materials was also significantly higher in the urea treatments each year of the study (p>F = 0.0008, <0.0001, and <0.0001) (Tables 5, 6, 7) . The interaction between the two materials at the V-6 sampling time was significant in 2006 and 2007 (p>F = 0.0068 and 0.04 75) (Tables 6, 7) . We expected soil N0 3 --N concentrations from urea to be higher due to the fact that urea generally hydrolyzes rapidly in soils in the Midwest (Kissel, 1988) . Obviously conditions such as temperature , moisture, soil pH and other factors play a role in how fast N from urea becomes plant available.
At the V-15 sampling time , N0 3 -N concentrations increased with the addition of fertilizer N every year of the study (p>F = 0.0025 , 0.0052, and <0.0001 respectively) (Tables 5, 6, 7). The difference between the two materials was higher for ESN treatments in 2005 (p>F = 0.0001) ( Table 5 Tables 5, 7) . The difference between the two materials was higher for ESN treatments in 2005 (p>F = 0.0014) ( Table 5 ) . The interaction between material and N rate was significant in 2005 (p>F = 0.0060) ( Table 5) .
Sutherland location
Grain production
Corn grain yields increased as N rates increased each year of the study (p>F = <0.0001) ( Table  8) . The difference between the two fertilizer materials was not significant in 2003, 2006 , and 2007 but in 2003 (p>F = 0.0885) there was a trend for ESN to yield higher than urea treatments ( Figure 3) . In 2005, ESN treatments yielded higher than urea treatments (p>F = <0.0001) ( Table  8) . Corn yields over the four site-years were variable just as at Kanawha. In 2003 and 2006, average corn yields were higher from ESN treatments compared to urea treatments. The higher average ESN yields could be attributed to the coating on the ESN, which can help to prevent loss of N due to leaching out of the soil profile. The interaction between material and N rate was significant in 2005 (p>F = 0.0191) and 2007 (p>F = 0.0214) ( Table 8) . (Table 10) . Nitrogen uptake was not significant in 2005 (p>F = 0.0761) but there was a trend for ESN to have greater uptake than the urea treatments ( Figure   4 ). ESN treatments had significantly higher N uptake than urea treatments in 2005 (p>F = 0.0215) ( Table 8) . In 2003 and 2006, average N uptake from ESN treatments was slightly higher than urea treatments. This could be possibly due to the coating on the ESN.
2005-2007 Soil Analysis
Soil NH 4 +-N concentrations at the V-6 sampling time increased with N rate each year of the study (p>F = <0.0001, 0.0036, and 0.0048 respectively) ( Tables 9, 10, Table ll) .
None of the factors tested in the 31-60 em depth were affected by N rate or materials.
Soil N0 3 --N concentrations increased with N rate in every year of the study (p>F = <0.0001 , 0.0009, and <0.0001) when taken at the V-6 growth stage (Tables 9, 10, ll). The differences in soil N0 3 --N concentrations between materials were higher for urea treatments in every year of the study (p>F = <0.0001, 0.0001, and 0.0025) (Tables 9, 10, ll). The interaction between N rate and material was significant at the V-6 sampling time each year of the study (p>F = <0.0001, 0.0434, and 0.0058) (Tables 9, 10, ll ). (Table ll) .
Summary and conclusions
The addition of fertilizer N increased corn grain yield at all locations in all years. However, there was a clear statistical advantage for using ESN at only one of the nine site-years. Three of the nine site-years showed a trend in which ESN treatments out-yielded urea treatments. N uptake in corn grain was not generally affected by fertilizer material.
Soil NH 4 +-N concentrations were usually higher for ESN treatments compared to urea at the V-6 and V-15 sampling times. While this was not expected because of the time release properties of the ESN, we can speculate that the ESN was still releasing N while NH 4 +-N in the urea treatments had probably already converted to nitrate. Post harvest soil samples were generally higher in both nitrate and ammonium from the ESN treatments. It is reasonable to assume that a good portion of this residual N was lost over winter.
There were large differences among the years and locations in the study when comparing corn grain yield and N uptake in the grain. There could be many reasons for the variability in grain yields such as adverse weather conditions that can favor denitrification and leaching or possibly inhibit the release of N from the ESN granules. Soil conditions throughout the studies could have also been a factor in the inconsistent yields. Conditions that favor N loss could have existed in various years throughout this study We did not observe any negative yield responses from the use of ESN; however ESN did not consistently result in higher corn grain and biomass yields. The data suggest that slightly higher concentrations of N0 3 --N and NH 4 +-N from ESN treatments were left behind in the soil after the corn was harvested. These residual amounts of N could have negative consequences to crop producers due to the fact that nitrate is easily lost from the soil profile if leaching occurs.
We believe that this product has the potential to increase corn grain yields in certain situations while preventing N loss (sandy soils, high rainfall locations, etc). Currently the cost of this product and the unpredictability of positive yield responses for ESN make it difficult to recommend ESN to producers as an alternative fertilizer to urea in Iowa. ..... 
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